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Appliance for gasification of carbon- containing fuel, 
residual and waste materials 




The ^invention relates to an appliance for 
gasification of carbon-containing fuel, residual and waste 
ma t e r i a 1 s/uja--a^£^ida^^ 

Fuel and waste materials are to be understood as 




meaning those with or without an ash content, such as brown 
or hard coals and their cokes, water/coal suspensions, but 
also oils, tars and slurries, as well as residues or wastes 
from chemical and wood pulping processes, such as for example 
black liquor from the Kraft process, as well as solid and 
liquid fractions from the waste management and recycling 
industry, such as used oils, PCB-containing oils, plastic and 
domestic refuse fractions or their processing products, 
lightweight shredded material from the processing of 
automotive, cable and electronics scrap, and contaminated 
aqueous solutions and gases. The invention can be used not 
only for entrained-bed gasifiers, but also for other 
gasification systems, such as fixed-bed or f luidized-bed 
gasifiers or combinations thereof. 

The autothermal entrained-bed gasification of solid, 
liquid and gaseous fuel materials has been known for many 
years in the field of gas generation. The ratio of fuel to 
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oxygen- containing gasification agents is selected in such a 
way that, for reasons of quality of the synthesis gas, higher 
carbon compounds are cleaved completely to form synthesis-gas 
components, such as CO and H 2 , and the inorganic constituents 
are discharged in the form of a molten liquid (J. Carl, 
P. Fritz, NOELL - KONVERS I ONS VERFAHREN [NOELL CONVERSION 
PROCESS] , EF-Verlag fur Energie- und Umwelttechnik GmbH, 
Berlin, 1996, p. 33 and p. 73) . 

Using various systems which have gained acceptance in 
the prior art, gasification gas and the molten liquid 
inorganic fraction, e.g. slag, can be discharged from the 
reaction chamber of the gasification appliance separately or 
together ^E1 97\L 81 31.7) . 

yu3 — " 

^Both systems which are provided with a refractory 
lining or cooled systems have been introduced for internally 
delimiting the reaction chamber of the gasification system 
03 Al) . 

asification systems which are provided with a 
refractory lining have the advantage of low heat losses and 
therefore offer an energy-efficient conversion of the fuel 
materials supplied. However, they can only be used for ash- 
free fuel materials, since the liquid slag which flows off 
the inner surface of the reaction chamber during the 
entrained-bed gasification dissolves the refractory lining 
and therefore only allows very limited operating times to be 
achieved before an expensive refit is required. 
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In order to eliminate this drawback which is 
encountered with ash-containing fuel materials, cooled 
systems working on the principle of a diaphragm wall have 
therefore been provided. The cooling initially results in the 
formation of a solid layer of slag on the surface facing the 
reaction chamber, the thickness of which layer increases 
until the further slag ejected from the gasification chamber 
runs down this wall in liquid form and flows out of the 
reaction chamber, for example together with the gasification 
gas. Such systems are extremely robust and guarantee long 
operating times. A significant drawback of such systems 
consists in the fact that up to approx. 5% of the energy 
introduced is transferred to the cooled screen. 

Various fuel and waste materials, such as for example 
heavy-metal- or light-ash-containing oils, tars or tar-oil 
solid slurries contain too little ash to form a sufficiently 
protective layer of slag with cold reactor walls, resulting 
in additional energy losses, yet on the other hand the ash 
content is too high to prevent the refractory layer from 
melting away or being dissolved if reactors with a refractory 
lining were to be used and to allow sufficiently long 
operating times to be achieved before a refit is required. 

A further drawback is the complicated structure of 
the reactor wall, which may lead to considerable problems 
during production and in operation. 

For example, the reactor wall of the entrained-bed 
gasifier shown in J. Carl, P. Fritz: NOELL- 
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KONVERSI'ONSVERFAHREN [NOELL CONVERSION PROCESS] , EF-Verlag 

fur Energie- und Umwelttechnik GmbH, Berlin, 1996, p. 33 and 
p. 73 comprises an unpressurized water shell, the pressure 
shell, which is protected against corrosion on the inside by 
a tar/epoxy resin mixture and is lined with lightweight 
refractory concrete, and the cooling screen, which, in the 
same way as a diaphragm wall which is conventionally used in 
the construction of boilers, comprises cooling tubes which 
are welded together in a gastight manner, through which water 
flows, which are pinned and which are coated with a thin 
layer of SiC. Between the cooling screen and the pressure 
shell, which is lined with refractory concrete, there is a 
cooling-screen gap which has to be purged with a dry, oxygen- 
^ free gas in order to prevent flow-back and condensation. 
~p^^m»'U b25s o*«!t object o£ 
/ the invention is to provide an appliance which, while being 
simple and reliable to operate, is able to cope with a very 
wide range of ash contents in the fuel and waste materials. 

- ^fhic obj - e c L li^ dCliie\ r od by moano of the fca r Luie^ u f • 
v£hc clai - mo 1 - and - SK 

^^luiLhei - e e nf iguration of the appliance according to ■ 
_^h e - invent -i- on is a iv - fl - n in the later o 3?^irfftg^ 

The appliance according to the invention is suitable 
for the gasification of fuel, waste and residual materials 
with a very wide range of ash contents, and for the combined 
gasification of hydrocarbon-containing gases, liquids and 
solids . 
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'According to the invention, the contour of the 
reaction chamber for the gasification process is delimited by 
a refractory fining or by a layer of solidified slag. If the 
reaction chamber is lined with refractory material, intensive 
cooling protects this material or causes liquid slag to 
solidify, so that a thermally insulating layer is formed. The 
cooling is provided by a water-filled cooling gap, it being 
possible to set operating conditions above -or below the 
boiling point . 

The invention will be explained in more detail on the 
fi /basis of two exemplary embodiments ^ zi/feh -rcf ^ rcnc o t o ^F i ga^ Q G A 



In the first exemplary embodiment, Figure 1 shows the 
gasiff ication reactor. The conversion of the fuel, residual 
and waste materials using the oxygen- containing oxidizing 
agent to form a crude gas containing high levels of H 2 and CO 
takes place in the reaction chamber 1. The gasification media 
are supplied by means of special burners which are attached 
to the burner flange 2. The crude gasification gas, if 
appropriate together with liquid slag, leaves the reaction 
chamber 1 via the opening 8, which is provided with a special 
appliance, and passes to downstream, cooling, scrubbing and 
processing systems. The gasification reactor is surrounded by 
the pressure shell 3, which absorbs the difference in 
pressure between the reaction chamber 1 and the outside 
atmosphere. For its thermal protection, there is a cooling 
gap 5 which, filled with water, can be operated .above or 
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below the boiling point, which depends on the overall 
pressure. To prevent gasification gas from entering the 
cooling gap 5 in the event of damage, the pressure of this 
gapyis always maintained at a higher level than the pressure 




in the reaction chamber 1. On the inside, the cooling gap 5 
is delimited by a cooling wall 4. The hot water or steam 
generated in the cooling gap 5 is discharged via the 
connection piece 9. The cooling wall 4 may be provided with a 
thin, ceramic protective layer 6 which is fixedly bonded to 



surface! Depending on the process pressure, the 
y^_^ — 

temperature's in the cooling gap 5 may be between 50 and 
350°C. In the case of gasification of starting materials 
which contain very little or no ash, it is advantageous to 
line the cooling wall 4 with refractory, thermally insulating 
brickwork as/ refractory lining 7 in order to limit the 



introduction of heat into the cooling gap 5. If ash- 
containing fuel, residual and waste materials are used, it is 
possible to dispense with the refractory brickwork 7. The 
liquid slag which forms in the reaction chamber 1 is cooled / 
on the cold surface of the cooling wall 4 and it^ ^@atQji^g 6, r 
solidifies and in this way forms a refractory lining as a 
layer of slag -£-9^ which grows toward the reaction chamber 1 
until the temperature has reached the melting point of the 
slag. The further slag which is then ejected runs off as a 
film of slag and is discharged together with the hot crude 
gas via the opening 8 . 
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Figure 2 shows one example of the design of the 
cooling wall 4. In this case, this wall comprises a wall made 
from half -tubes which have been welded together in a gastight 
manner, are pinned and are combined with a thin layer of 
silicon carbide. The ceramic lining is situated on the side 
facing toward the reaction chamber 1, as a layer of sla g -10 — » 
which, as shown in Example 1, is applied artificially or 
forms naturally through its own molten ash. Other forms of 
the cooling wall, such as for example a wall made from 
corrugated sheet metal, in the shape of a trapezium, triangle 
or rectangle, are possible depending on the production 
techniques employed x The ceramic protection 6 may be applied 
and secured by mechanical holding means, as in Example 2, or 
by chemical bonding or thermal application, such as by flame 
spraying . 

Furthermore, it will be readily understood that the 
design of the wall which delimits the reaction chamber 1, 
including parts 3, 4, 5, 6 and 7, which is explained in 
Example 2, can be used not only for the entrained-bed 
gasification reactors, which are subject to high thermal 
loads, but also for other gasification systems, such as for 
example fixed— bed or f luidized-bed gasifiers or combinations 
thereof . 
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List of reference numerals used 



1 \ Reaction chamber 

2 flange for burner fitting 

3 Pressure shel 1 

4 Cooli\q wall 

5 Cooling 

6 Ceramic ^pr\tection for the cooling wall 

7 Refractory Irving of the reactor 

8 Opening for the\gas and slag outlet member 

9 Connection piece ^pr steam or hot water 

10 Layer of slag 



